Background: Food items on a self-administered food frequency questionnaire (FFQ) may be left blank because the food was not consumed, because of difficulties remembering the frequency or amount of intake, or due to an oversight. Methods: We explored the predictors and frequency of consumption of omitted food items on an FFQ used in the Nurses' Health Study II. Of 87,676 women who returned a mailed 147-item FFQ in 1999, 34% completed the entire questionnaire, whereas 66% left at least 1 food item blank. Ten or more food items were omitted by 5% of participants. Foods were more likely omitted by women who were older or more physically active. We resurveyed 2876 participants who had left between 1 and 70 food items blank and asked them to fill in the blanks. Overall, 2485 participants provided complete responses. Results: In the resurvey, 64% of the formerly omitted foods were marked as consumed never or less than once per month, 20% as 1 to 3 times per month, 8% as once per week, and 9% as more than once per week. Commonly consumed foods and beverages were less likely omitted because they were not consumed than rarely consumed foods. The best estimate for the true intake value of an omitted food was 0.82 times the average population intake. Conclusions: While calculating nutrient intake, the assumption that items missing represent zero intake is reasonable. However, food
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Most FFQs include between 50 and 200 food items. 7 Like any structured self-administered questionnaire with prespecified response options, the FFQ provides the opportunity for nonresponse. Missing values can affect the calculation of nutrient intake and the estimation of the diet-disease relation. Few studies have investigated the distribution of blanks on an FFQ. In the Kaiser Permanente Diet Survey, a 60-item FFQ was administered; 41% of participants completed all questions and 12% left more than 10 items blank. 8 In the Iowa Women's Health Study, 11% of the women left 10 or more items blank on a 126-item FFQ. 8, 9 On the FFQ used in the New York University Women's Health Study, 3% of participants were missing 10 or more items. 10 In the Norwegian Women and Cancer study, a 136-item FFQ had 18% missing values, 11 and in the GISSI-Prevenzione study in Italy, nonresponse increased from 0.3% in a first application of a diet questionnaire to 10% at 12 months after and 20% at 36 months after the first application. 12 Nonresponse may differentially affect certain foods, and individuals may differ in their likelihood of omitting food items, depending on personal characteristics. Food items on an FFQ may be omitted because the food was not consumed or because of difficulties remembering the frequency and amount of intake, especially because the FFQ does not provide a "Don't remember" option. In dietary analyses, it is typically assumed that a blank on the questionnaire really means that the food was not consumed, hence intake is set to zero. 7 If the assumptions are misspecified, intake will be misclassified.
We used data from the Nurses' Health Study II (NHS II) to examine patterns and predictors of partial nonresponse on an FFQ. We resurveyed NHS II participants who omitted food items to verify the assumption of zero intake.
METHODS

The NHS II
In 1989, we recruited 116,686 female nurses (age, 25-42 years) from 14 US states, who were free of diagnosed cancer, to address relations between lifestyle factors and chronic disease outcomes. Cohort members have been followed by means of biennial questionnaires. Starting in 1991, the questionnaires have included an FFQ component every 4 years. For the analyses in this paper, we used the 1999 FFQ, which was the most recent questionnaire at the time the study was conducted in 2002. Of our participants, 87,676 provided responses to at least 1 item on the 1999 FFQ; these represent the diet cohort, which was the population base for this analysis.
This study was approved by the Institutional Review Boards of the Brigham and Women's Hospital and the Harvard School of Public Health, Boston, Massachusetts.
The Semiquantitative Food Frequency Questionnaire
In the NHS II, we administer the semiquantitative FFQ developed by Willett et al. 1 For each food, a commonly used unit or portion size (eg, 1 egg or 1 slice of bread) is specified, and the women are asked how often on average over the previous year they consumed that amount of each food. There are 9 possible responses, ranging from "never" to "6 or more times per day." The intake of nutrients is computed by multiplying the frequency of consumption of each unit of food by the nutrient content of the specified portions.
The FFQ administered to the NHS II participants in 1999 included 147 foods and beverages. Among the items were 3 foods with multiple subtypes: (1) Milk: skim or 1% milk; 2% milk; whole milk; soy milk. (2) Cookies: fat-free or reduced fat; other ready-made; home-baked. (3) Sweet roll, coffee cake, or other pastry: fat-free or reduced fat; other ready-made; home-baked. The structure of these questions may have affected their missingness pattern. We have therefore given special consideration to them, and excluded them from some statistics.
For nutrient calculations, women are excluded if more than 70 food or beverage items are missing, or if their total caloric intake is below 600 or above 3500 kcal; in 1999, 2554 women were excluded for these reasons.
Resurvey
We resurveyed 2876 NHS II participants who had left blank between 1 and 70 of the 147 food and beverage items of the 1999 FFQ. We restricted our source population from which resurvey participants were selected to 35,947 women who were not enrolled in any other substudy at the time, and who responded to the initial mailing of our biannual questionnaire in 1999 and 2001. We oversampled NHS II partic-ipants with a higher proportion of missing values: we selected a random sample of 200 participants each with 1 to 9 missing foods (n ϭ 1800) and all remaining participants with 10 to 70 blanks (n ϭ 1076). Table 1 provides a comparison of selected nondietary and dietary variables across participants of NHS II who completed the 1999 FFQ, among the source population from which we sampled and among the survey sample selected. The sample selected for resurvey was comparable to the source population as well as to the entire NHS II cohort.
In January 2002, we mailed the participants selected for the resurvey a copy of their 1999 FFQ with the omitted foods and beverages highlighted. Participants were asked to fill in the frequency of consumption of the items they had omitted and, if they did not remember the exact value, to provide their best guess. Of the 2876 women invited, 2485 (86%) provided complete responses for the previously missed foods. The 391 women who did not provide complete information or did not respond to our invitation were excluded from further analyses.
Statistical Analysis
Frequency analyses were used to present distributions. The mean number of foods omitted and respective standard errors were calculated.
Concordance correlation coefficients 13 were calculated to compare nutrient intake before and after the resurvey. We plotted the average number of servings per day for each food or beverage reported in the initial survey in 1999 against those initially omitted in 1999 and provided in the resurvey, and obtained the slope for the fitted line by using least squares linear regression.
RESULTS
The proportion of omitted food items among the total population of 87,676 NHS II participants who answered the 1999 FFQ was 2.3%. On average, participants omitted 3.3 food items of the 147-item questionnaire (median, 1 food item). A total of 29,528 women (34%) completed all questions on the FFQ (Table 2) . Overall, 95% omitted less than 10 food items and 98% omitted 20 or less food items.
The caloric content of a food item was not associated with the likelihood of leaving the food item blank (data not shown). In Table 3 , we present data on mean frequency of consumption of selected foods and mean intake of nutrients frequently studied in nutritional epidemiology. The mean frequency of food consumption did not appreciably differ between study participants who omitted 1 or more food items (25.4 servings per day) and women who did not leave any blanks on the FFQ (24.7 servings per day). Frequency of reported consumption of fruits, vegetables, and meat as a main dish did not vary appreciably with up to 40 missing items, but lower intakes were reported by the 1% of the population with 40 or more blank food items. With 21 and
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Epidemiology • Volume 20, Number 2, March 2009 more missing food items, there was a declining trend in calculated intake of calories and macronutrients. Macronutrient intake calculated as percentage of energy was not appreciably affected by missing values. We also explored whether personal characteristics might predict the probability of leaving food items blank ( Table 4 ). The number of food items omitted on the FFQ increased with age. Similarly, women who were very physically active had a higher prevalence of missing values than women who were less physically active. Body mass index, number of children, smoking status, living arrangements, and alcohol consumption were not associated with the likelihood of leaving blanks. Women who did not report their regular alcohol consumption left substantially more items on the FFQ blank than those who did report their alcohol consumption.
We considered questions with multiple food subtypes separately. Among all participants, 73% (n ϭ 63,714) provided responses for all 4 milk types (skim or 1% milk, 2% milk, whole milk, and soy milk), 23% (n ϭ 19,826) of participants provided a response to only 1 milk type and left the other 3 blank, and 0.3% (n ϭ 294) omitted the entire milk question. Among the 63,714 participants who provided complete responses, 67% consumed only 1 type of milk, less than 1% consumed all types of milk, 11% consumed no milk at all, and 22% consumed more than 1 type of milk. No distinct pattern emerged for cookie consumption or for sweet rolls, coffee cake, or other pastries, because consumption of subtypes was less exclusive. Table 5 shows the frequencies of intake of the food and beverage items initially left blank in 1999 and provided in the resurvey in 2002 by 2485 women. Overall, 64% of the initially omitted foods were never consumed or consumed less than once per month, 20% of initially omitted foods were consumed 1 to 3 times per month; 6% of foods initially left blank were consumed once per week, 11% were consumed 2 to 4 times per week or more frequently. Overall, 45% of the initially marked foods were never consumed; hence, a food item left blank was 42% more likely not consumed than any marked food.
The frequency of consumption of the initially omitted food items was closely related to their mean frequency of consumption in the population who completed these items. Commonly consumed food items left blank on the initial survey were reported to be consumed with higher frequency in the resurvey than were less commonly consumed foods (eAppendix, http://links.lww.com/A729). The Figure depicts the plot of the mean frequency of consumption of foods and beverages among the responders to the initial FFQ versus the mean frequency of consumption of initially omitted foods and beverages provided in the resurvey of 2485 women. The distribution suggests that the true intake of omitted foods and beverages is not zero and depends on their general frequency of consumption. The regression coefficient for the slope of the fitted line was 0.82 (Ϯ0.021), suggesting that the best estimate for the true intake value of an omitted food item is 0.82 times the average intake among participants who provide information on it.
Total caloric intake and macro-and micronutrient intakes were slightly higher after the resurvey; however, carbohydrate and fat intake as a percentage of energy intake remained the same (eTable 1, http://links.lww.com/A730). Concordance correlation coefficients for nutrient intakes before the resurvey (with missing values set to zero) and after the resurvey ranged between 0.97 and 0.98. Among women with 10 to 19 blanks, absolute macronutrient intakes were underestimated by about 5% to 6%; with 20 or more missing values, intakes were underestimated by more than 10%, although calorie-adjusted intake was not appreciably affected (eTable 2, http://links.lww.com/A731). Nutrient intake after filling in the blanks was higher the more items participants had initially been omitted (eTable 2). Among questions with multiple subtypes of the same food, items were likely not consumed if 1 food was marked as consumed and the remaining options left blank. If skim milk was marked as consumed and the other milk options were left blank, 2% milk, whole a Foods left blank were set to zero to be consistent with nutrient calculation. b Nutrient intake calculated for women with less than 70 missing food items and more than 600 and less than 3500 calories intake. MFC indicates mean frequency of consumption; SE, standard error.
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DISCUSSION
In this large cohort of registered nurses, we found that on average participants left few items of the self-administered FFQ blank. Lifestyle factors were associated with the likelihood of providing complete responses on the FFQ. With increasing age women left more items blank, possibly because their memory failed them more often. Our observations correspond to those made in the Norwegian Women and Cancer Study by Parr et al, 11 who found higher proportions of missing responses among older participants. In our study, women and who exercised a lot may have been busy and thus had less time to complete the FFQ.
The accuracy of a structured diet questionnaire can be affected by the number of food items left blank. In particular, calculation of nutrient intake may be affected by the number of food items omitted, but the critical number of missing food items affecting the accuracy of estimates likely varies by nutrient. It may therefore be prudent to consider whether the food items with the highest number of missing values are important sources of a particular nutrient under study. In the NHS II, nutrient intakes were 4% to 6% lower with more than 20 missing food items; however, estimation of energy-adjusted nutrient intake was little affected.
Information on milk consumption was asked as 1 question with 4 subtypes of milk. Participants had a preference for 1 type of milk. If they marked only 1 type of milk, it is likely that the omitted subtypes were not consumed. This suggests that the underlying reasons for the missingness of milk data is not random and has implications for how the missing data should be treated.
Our resurvey of 2485 NHS II participants indicated that a food item left blank on the FFQ is most likely consumed either "never or less than once per month" or "1-3 times per month." Although 84% of omitted foods were consumed less than once per week, 17% were consumed once per week or more frequently, hence with some regularity. The best estimate for the true value of an omitted food is 0.82 times its average intake in the population. Notably, the general frequency of consumption of a food in the population may predict the frequency with which an omitted food may truly have been consumed: common foods, if omitted, were more likely to have been consumed with higher frequency than less common foods that were omitted.
Our results are consistent with those from some prior studies. Caan et al 8 recontacted 123 members of the Kaiser Permanente Medical Care Program who had completed an FFQ and who had omitted 1 or more food items. The follow-up information obtained in a telephone interview disclosed that 52% of food items omitted were never consumed, another 21% were consumed 1 to 3 times per month, and 27% 14 obtained information on omitted food items of an FFQ administered in a Swedish study and found similar distributions: the omitted answers corresponded to very rare consumption in about 54% of participants. However, similar to our observations, the "true" proportion of null consumption varied greatly by food group and was correlated with the frequency of intake in the overall population. Fraser et al 15 recontacted 240 participants in the Adventist Health Study-2 to request information on the initially omitted food items and observed a similar distribution of intake among initially provided and initially missing food items. In a Korean population, 216 men were resurveyed to complete blanks on a previously administered FFQ. 16 Average nutrient intake increased significantly after filling in the blanks, and was proportional to the number of items originally omitted; however, the proportion of omitted foods was higher in that population than in most other studies. In most studies, including ours, nutrient intake after filling in the blanks was higher in cases in which more food items had initially been omitted; it is possible that individuals who complete the entire questionnaire on one occasion keep relative consumption of foods in perspective, while a fractioned approach gives more weight to the reporting of individual food items. Although the common practice of setting missing food items to zero intake is often not correct and does not attempt to impute the best estimate of true intake, it does represent a reasonably good estimate. On average, if food items were left blank, they were more likely not consumed than if they were marked; among food items marked, 45% were marked as never consumed, and of food items initially omitted, 64% were later marked as never consumed. Caan et al 8 observed similar differences, with the respective proportions being 30% and 52%; this trend was also observed in the Adventist Health Study-2. 15 A more informed imputation of frequency for missing items could take into account how frequently the food or beverage is consumed in the population at large. Prune juice, an infrequently consumed item, was never consumed by 98% of women who left it blank on the initial questionnaire. In contrast, pasta, a food consumed with medium frequency, was never consumed by only 4% of women who omitted it, 37% consumed it once per week, and another 37% reported eating it 2 to 4 times per week.
The proportion of omitted foods in this population of educated health professionals was very low. In populations with a high proportion of omitted food items on the FFQ, setting missing values of food consumption to zero may cause substantial misclassification of calculated nutrient intake and affect the ranking of individuals according to their estimated nutrient intake, which may affect classification of individuals in quintiles of intake. In this situation, which should ideally be avoided, an imputation method for blank items may be useful. However, because foods are not omitted at random, special imputation strategies have to be applied. Furthermore, reasons for omitting food items may differ in a less educated population, and thus our results may not be generalizable to all strata of the population.
In our resurvey of 2876 participants in the NHS II, we obtained complete responses from 89% of the sample. Although we assumed that the responses provided in the resurvey were the same as the participants would originally have provided, this assumption may not be correct. The resurvey took place 2.5 years after the initial questionnaire was mailed. Although we asked participants to provide the frequency of food consumption for the missing items during the year before June 1999, some responses may have been affected by their consumption in early 2002. We also encouraged participants to provide information on frequency even if they could not remember their exact intake, which may have introduced some misclassification. However, recall of dietary intake in the recent past has been found to be accurate in a number of studies, 7 and for most individuals dietary habits are relatively stable.
In conclusion, lifestyle factors including age and physical activity are associated with the number of items left blank. In general while calculating nutrient intake, the assumption that items left missing represent zero intake is reasonable. However, foods consumed with higher frequency in the population at large are less likely left blank because they were not consumed than rarely consumed foods. If no response is provided for more than 20 items on the FFQ, absolute nutrient intake may be underestimated by more than 10% if missing foods are assumed not to have been con-sumed. However, even with this number of missing responses, nutrient intakes expressed as a percentage of energy are estimated with good accuracy if zero intake is assumed for omitted food items.
